ABSTRACT
Introduction
In the general population, there is an 8-10% lifetime risk of experiencing a single siezure and a 3% risk of developing a seizure disorder. (1,2) Therefore, a significant proportion of patients with an underlying seizure disorder will present for inpatient treatment of unrelated conditions. Patients admitted to a hospital setting may experience physiologic changes from their normal state of health as well as changes to their usual daily routine (e.g., timing of medications). Many factors may contribute to a change in seizure risk such as antiepileptic medication noncomplicance, altered timing of antiepileptic medication administration, altered gastrointentinal absorption of these medications, electrolyte disturbances, and sleep deprivation. (3-6) These conditions regularly occur while patients are hospitalized. Furthermore, antiepileptic drugs are subject to many drug interactions and fluctuations due to substitution of generic antiepileptics for brand name, or a generic formulation from one manufacturer for the same generic drug produced by a different manufacturer. (7) A recent retrospective review of patients with a pre-existing seizure disorder hospitalized for a surgical procedure demonstrated that young age, increasing number of antiepileptic medications, a short time span between last seizure and presentation for surgery, and more frequent seizures at baseline increased a patient's risk for in-hospital seizure activity. (8) There are currently no data examining the occurrence of seizures in patients with a pre-existing seizure disorder who are admitted for inpatient treatment of medical conditions unrelated to the seizure disorder. The objective of this retrospective chart review was to investigate the frequency of seizures in this patient population and identify potential risk factors affecting the likelihood of in-hospital seizure. The results of this investigation will allow a more accurate 22 www.signavitae.com estimate of the risk for in-hospital seizure in medical inpatients with a history of a pre-existing seizure disorder.
Materials and Methods
After Institutional Review Board approval, we conducted a retrospective query of the Mayo Clinic Life Science System database during the time period January 1, 2002 through December 31, 2007 to identify all patients that met the following inclusion criteria: age ě 2 years, hospital admission > 24 hours duration, and seizure disorder documented in the medical record prior to hospital admission. Patients with a seizure disorder were identified by searching for International Statistical Classification of Diseases and Related Health Problems (ICD)-9 codes 345.0-345.91 and 780. 3-780.39 . From the patients identified, the database was limited to those patients with one or more hospital admissions during the study period with a length of stay greater than 24 hours. Patients were excluded if they had one of the following conditions: no confirmed seizure disorder (e.g., febrile seizure in children, acute symptomatic seizure due to trauma, electrolyte disturbance, infection, alcohol withdrawal), underwent a surgical procedure during the admission, admitted for an obstetric indication, or were < 2 years of age. The medical record from the first hospital admission was manually reviewed to collect the following data: date of birth, gender, admitting service, and duration of inpatient stay. In addition, the characteristics and clinical course of the pre-existing seizure disorder were recorded, including type of seizure disorder (simple partial, complex partial, generalized nonconvulsive, or generalized convulsive), seizure frequency, most recent seizure prior to admission, previous surgical managment for the seizure disorder, antiepileptic medications, other medications the patient was taking at the time of admission (including as needed and over-thecounter medications), and blood levels of antiepileptic drugs within 2 weeks of admission. If the patient had multiple seizure types at baseline, the most frequently occurring seizure type was recorded. The primary outcome variable was the presence of clinically-apparent seizure activity anytime during the hospital admission. Clinically-apparent seizure acitivity was defined as seizures that were documented in the nursing notes or daily progress notes of the primary service or medical consultation team(s). For all patients identified as experiencing a seizure, the circumstances surrounding the event were collected, including the date and time of seizure, type of seizure, antiepileptic medications, medications administered at the time of the seizure, and antiepileptic drug blood levels within 14 days prior to hospital admission. The probable cause of the inpatient seizure activity was determined based on the frequency of pre-admission seizures, antiepileptic drug levels, electroencephalogram results, radiographic imaging obtained, results from neurology consultation, and documentation detailing seizure activity. Baseline patient and procedural characteristics were summarized using mean ± SD for continuous variables and frequency percentages for categorical variables. The frequency of seizures while hospitalized was summarized using a point-estimate and exact 95% CI. Baseline characteristics were compared between those who did and did not expericene seizures using the Fisher's exact test. In all cases, a twotailed p-value < 0.05 was considered statistically significant.
Results
During the 6-year study period, 720 patients were identified that met the inclusion criteria. The mean ± SD age of these pateints was 54. 6 
Discussion
By definition a seizure is the clinical manifestation of abnormally hyperexcitable cortical neurons. Isolated seizure activity is not uncommon over the period of a lifetime (e.g. febrile seizures in children, acute symptomatic seizures due to trauma, electrolyte disturbances, infection, alcohol withdrawal, etc.). However, individuals experiencing an isolated seizure are not regarded as having a seizure disorder. The cumulative incidence of epilepsy through age 74 years in Rochester, MN is 3.0%, with an incidence of any seizure episode near 10%. (9) This translates into a relatively large segment of the population diagnosed with a seizure disorder. Similarly, a significant proportion of patients presenting for inpatient treatment of medical illnesses will have a seizure disorder. Recent data suggests that the occurrence of postoperative seizure in patients with a seizure disorder undergoing regional anesthesia is infrequent (5.8%), and that regional anesthesia in such patients is not contraindicated. (10) In a follow-up study including all anesthesia types, the frequency of perianesthetic seizures in patients with a pre-existing seizure disorder was also low (3.4%), and unrelated to anesthetic technique. (8) This study also identified factors associated with perioperative seizure, including young age, increasing number of antiepileptic medications, shorter time period between last seizure episode and hospital admission, and more frequent seizures at baseline. Another much smaller retrospective manuscript examined the incidence of seizures in patients with epilepsy undergoing general anesthesia. (11) Seizures were observed in 2% of these patients, and no adverse effects after receiving general anesthesia were reported. The overall incidence of perioperative seizure is low as well, estimated an incidence of postoperative seizure of 3.1 per 10,000 as reported in a multicenter prospective cohort study in Thailand. (12) Patients undergoing all surgical (including neurosurgical) procedures and anesthesia types were included in this study; however the incidence of postoperative seizure in patients with an underlying seizure disorder was not reported. A number of factors may increase the possibility of seizure activity in patients with a seizure disorder, including changes in antiepileptic drug levels, fatigue, stress, sleep deprivation, menstruation, electrolyte disturbances, and excessive alcohol intake. (3, 4, 13) There are multiple circumstances that may arise in the inpatient setting that would affect antiepileptic drug levels, including medication noncompliance, changes in dosing schedule or amount, addition or withdrawal of concomitant medications, and changes in gastrointestinal motility leading to delayed absorption and reduced bioavailability. (4, 6) In particular, patients who do not take their usual oral medications due to tests and procedures or are unable to tolerate oral intake due to nausea and vomiting may be at particular risk, In the cases included in our study, the neurologists consulting on these cases felt that the levels obtained were below the therapeutic range for these particular patients, which contributed to their seizure activity. Thus, maintaining an inpatient dosing regimen as close as possible to what the patient is accustomed to as an outpatient is an important step in minimizing the risk of seizure activity. However, a number of antiepileptics do not have a parenteral formulation which limits the ability to maintain outpatient medications in patients that are unable to take their usual oral preparations. In addition, the interpretation of blood levels may be challenging for practitioners unfamiliar with these medications. Patients who require more than one medication for seizure control present a particular challenge, as they are at an increased risk of seizure recurrence when medications are withdrawn or their dosage reduced. (8, 14) Consultation with a neurologist may be necessary to formulate the most effective plan for these patients while they are hospitalized.
Patients that experienced seizure activity while admitted to the hospital were significantly younger than patients that did not. Importantly, the incidence of epilepsy is higher in the intellectually and developmentally disabled population, and there is increased morbidity and mortality in children with seizures and neurologic deficits. (15, 16) Also, this group of young patients tends to have more frequent seizures and often require 25 www.signavitae.com 
